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Table S1.

Component

ISO1

PI

PS

PEO

Component

I1SO2

Pl

PS

PEO

Component

ISO3

PI

PS

PEO
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M (kg/mol)

59.6

17.7

374

4.5

M / (kg/mol)

69.0

20.4

44.7

3.9

M / (kg/mol)

63.8

18.7

40.5

4.6

Wt%

29.7%

62.8%

7.5%

Wt%

29.6%

64.8%

5.6%

Wt%

29.3%

63.6%

7.1%

Vol%

33.3%

60.2%

6.5%

Vol%

33.1%

62.0%

4.9%

Vol%

32.8%

61.0%

6.3%

PDI

1.09

1.09

PDI

1.04

1.02

PDI

1.03
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Table S2.

dioo-spacings in nanometers for ISO1 and ISO2 (8:2 Ti:Nb) and ISO3 (1:1 Ti:Nb)

ISO1 ISO2 ISO3

Hybrid 48.9 52.4 55.9

Oxide 37.5 40.7 42.3

Nitride 36.1 39.1 37.9
Nitride

Log(/) (a.u.)

0.2 04 0.6 08
g (hm™)
Figure S1. Azimuthally integrated small angle X-ray scattering patterns of the ISO1l/oxide hybrid
(bottom, black), calcined freestanding oxide (middle, red), and freestanding nitride (top, blue). The
vertical lines indicate expected peak positions for the G* morphology. Dashed lines represent unobserved

peaks and asterisks are centered at forbidden (g/q100)* = 4 peak positions that appear due to z-direction
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compression. The dig-spacings of the hybrid, oxide, and nitride are 48.9 nm, 37.5 nm, and 36.1 nm,

respectively.
Film Normal Film
perpendicular ‘{”ﬁl
to page

Figure S2. 2D SAXS patterns of an ISO2/oxide hybrid with incident X-rays parallel (A) and
perpendicular (B) to the film normal. In (B), compression along the film normal direction, as well as clear

texturing in the <110> direction parallel to the film normal, is observed.

Additional conductivity measurements

ISO3 is a third triblock terpolymer with similar molar mass and composition to ISO1 and ISO2 (see Table
S1) and was used to generate monolithic gyroidal nitrides with similar feature sizes and d-spacings as
ISO1 and ISO2. These nitride monoliths materials were used for additional conductivity measurements as

tabulated below.

ISO3 nitride materials were used to measure both powder and pellet conductivities. Powder conductivity
under a pressure 200 psi was measured in an apparatus as described in a previous publication.! Pellets
were pressed from powders of ground monoliths and pressed into a pellet under a pressure of 9000 psi in

a die. The conductivity of the pellet was measured using the four point probe setup.
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A monolithic nitride sample generated from ISO2 was also used for the four point probe conductivity
measurements. The four point probe measurements were performed on a Cascade Microtech CPS-06

using tungsten carbide probe tips and a Keithley 2400 sourcemeter.

Table S3.

Electrical Conductivity Measurements from ISO3-derived nitrides

Conductivity (S/cm)
Monolith ~5.2, ~9.3
Pellet (9000 psi) ~6.3 x 10
Powder (200 psi) ~7.1x10*

The monoliths from ISO3 showed similar electrical conductivity to the ISO2 monolith, on the order of 1-
10 S/cm. However, the measured powder and pellet conductivities were markedly lower than any of the
monoliths. The higher pressure pellet did show higher conductivity than the low pressure powder, as
expected. This disparity between monoliths and powders/pellets is likely due to poor particle-particle
contact in the powders/pellets. In monoliths, the excellent 3D connectivity provides a continuous path for
electrons and avoids the additive contact resistance from each particle-particle contact in the powders or

pellets.
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Additional Figures

Not shown here are closed off layers on the top and bottom of the film from bulk casting which have been

observed in similar systems previously.”

Figure S3. SEM image of TiosNbo2N from ISO1, showing fracture edges in a

owder sample. Several

grains of different orientations are evident.
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Figure S4. SEM image of TiosNbo.N from ISO1, showing fracture edges in a powder sample. Multiple

layers of struts are evident along the edge.
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Figure S5. SEM image of TigsNbo>N from ISO2 showing structures consistent with the G* morphology.
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UV-vis-NIR Spectroscopy
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Normalized UV-vis-NIR spectra of the Kubelka-Munk function as a function of wavelength for a

powdered gyroidal Tio.sNbo20: (blue, bottom) and a powdered gyroidal TiosNbo 2N (red, top).

Lamp/grating switchover discontinuities were removed at 1200 nm and 800 nm.
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Figure S7. Normalized UV-vis-NIR spectra of the Kubelka-Munk function as a function of wavelength
for a powdered gyroidal TipsNbosO- (blue, bottom) and a powdered gyroidal TigsNbosN (red, top).

Lamp/grating switchover discontinuities were removed at 1200 nm and 800 nm.
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Figure S8. [F(R)*hv]"? vs. hv plot and linear extrapolation to the x-axis for the powdered gyroidal

Tio.sNbo 20, sample. The x-intercept is at 3.20 eV, estimating the band gap of the oxide.
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Figure S9. [F(R)*hv]"? vs. hv plot and linear extrapolation to the x-axis for the powdered gyroidal

Tio.sNbo 50, sample. The x-intercept is at 3.09 eV, estimating the band gap of the oxide.
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Powdered gyroidal oxide and nitride samples were characterized by UV-vis-NIR spectroscopy with an
integrating sphere accessory on an Agilent Cary 5000 UV-vis-NIR using reflectance mode and is plotted
as the Kubelka-Munk function against wavelength.® The powders were sandwiched between microglass

slides for the measurements.

The white colored powder TipsNbg .0, sample showed a characteristic absorption edge around 380 nm as
shown in Figure S6, (bottom, blue). The band gap was estimated (assuming an indirect optical band gap)
to be 3.20 eV by extrapolating the linear region of an [F(R)*hv]"? vs. hv plot (where F(R) is the Kubelka-
Munk function) to the x-intercept, shown in Figure S8.3 This value is in good agreement with reported
values of anatase TiO,*° and Ti;«NbxO,.%” In comparison, the white colored powder TipsNbo sO, showed
a broadened absorption edge, which was not surprising since the material is amorphous. The band gap
was estimated (assuming an indirect optical band gap) to be 3.09 eV by extrapolating the linear region of
an [F(R)*hv]"? vs. hv plot (where F(R) is the Kubelka-Munk function) to the x-intercept, shown in Figure

S9.

The black colored powdered nitride samples showed dramatically different optical behavior (Fig. S6, S7,
red). Tio.sNbo 2N (Fig. S6) showed broad absorption across the measured spectrum with some defined
features: two peaks around 610 and 665 nm and a significant absorption between 920 and 1700 nm.
Tio.sNbo.sN (Fig. S7) showed a similar broad absorption across the measured spectrum with some defined
features: two peaks around 620 and 675 nm and a significant absorption between 920 and 1700 nm. The
peaks around 620 and 675 are less intense than in TipsNbg,N and it also tends to absorb less at shorter

wavelengths.

The color change from white wide band gap oxides to black and conducting nitrides is similar to that
observed for TiO, which was nitrided to yield TiN.> The gyroidal nitride’s optical behavior resembles the

cubic nitride rather than a N-doped oxide, which is consistent with the XRD results.>
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Raman Spectroscopy
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Figure S10. Normalized Raman spectra for non-structured TiO, (black, bottom), gyroidal TiO; (blue),

gyroidal TipsNbo 20> (green), and gyroidal TiosNbo2N (red, top).
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Figure S11. Normalized Raman spectra for non-structured TiO; (green, bottom), gyroidal TiO- (black),

gyroidal TipsNbo 502 (red), and gyroidal TigsNbosN (blue, top).

We performed Raman spectroscopy measurements on the powders of the gyroidal oxide and gyroidal
nitride samples on a Renishaw InVia Confocal Raman Microscope using a 488 nm laser and a 50x long

working distance objective. The results are displayed in Figures S10 and S11.

To see the effects of Nb incorporation and nitriding, we first probed non-structured sol-gel derived
anatase TiO and gyroidal anatase TiO: (both crystalline). These showed strong scattering, as expected for

crystalline materials, and are consistent with the well-defined expected bands for anatase.®’
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The gyroidal TipsNbo 20, sample (Fig. S10) shows broad bands (due to amorphous oxide content), with
most prominent anatase band observed around 640 cm™ which is expected for anatase TiO, and Nb-doped

TiO,® or niobia/titania composites.’

The shift of the broad band around 400 cm™ may be due to the incorporation of Nb in the anatase lattice.°
However, the broad middle band near 485 cm! is significantly shifted between expected positions for

either anatase or rutile and could not be definitively identified.’

The gyroidal TigsNbosO, sample (Fig. S11) is amorphous and shows very broad bands, but the strongest

band is still around 640 cm™.

After nitriding, both materials show very broad bands which are consistent with a cubic nitride like TiN
or Ti;«NbN (both cubic rock salt structure), rather than a nitrogen doped TiO; or Ti;NbyO>.> Small
grain sizes can also contribute to broad bands.’ In cubic binary nitrides, first order scattering is forbidden,
so scattering is predominantly derived from impurities and defects, resulting in the observed broad bands.

S1L12We speculate that oxygen® and Nb'? content can shift the bands in the gyroidal TiosNbg,N samples.
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